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Wheat Zapper, Illumina BSA, 

and radiation hybrids  

for synteny analysis of the 

scs region 



Outline 

• Species cytoplasm specific function 

 

• Radiation hybrid for fine mapping 

 

• Wheat Zapper a versatile on-line application for synteny 

 

• RH bulk segregant analysis by Illumina sequencing 

 

• Paleofusion in proximity of the scs region 

 

• A candidate for the scs locus 

  



 
 
 
 
 
 

Wheat Cytoplasm 

Nuclear-Cytoplasm Interaction 

Maan 1991 Proc Int Symp Nuclear Organellar Genetics of Wheat 

Wheat 

Nucleus 

• Energy production 

 

• Disease resistance 

 

• Fertility 

 

• Plant vigor 

  

• Maturity 

 

• Yield 

Euplasmic 



 
 
 
 
 
 

Ae. longissima Cytoplasm 

Nuclear-Cytoplasm Interaction 

Maan 1991 Proc Int Symp Nuclear Organellar Genetics of Wheat 

Wheat 

Nucleus 

• Energy production 

 

• Disease resistance 

 

• Fertility 

 

• Plant vigor 

  

• Maturity 

 

• Yield 

Alloplasmic 



 
 
 
 
 
 

Ae. longissima Cytoplasm 

Species Cytoplasm Specific 

Maan 1991 Genome 35:238-243 

Wheat 

Nucleus 

• Restore interaction 

 

• 3 characterized versions: 

 

Scs ae 1D 

Scs ti 1Atimophevii 

Scs spt ?speltoides 

 

 

   

scs 

Alloplasmic 



Species Cytoplasm Specific 

• Restore interaction 

 

• 3 characterized versions: 

 

Scs ae 1D 

Scs ti 1Atimophevii 

Scs spt ?speltoides 
 

 

   

1Dscs.1AL 

Michalak et al. submitted 



Species Cytoplasm Specific 

scs Δscs 

Michalak et al. submitted 



Species Cytoplasm Specific 

scs 
Michalak et al. submitted 

Δscs 



Species Cytoplasm Specific 

scs Δscs 



Radiation Hybrids for Fine Mapping 
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Radiation Hybrids for Fine Mapping 

http://www.ratical.org/radiation/CNR/PP/chp3.html 

Marker 1 

Marker 2 

Marker 3 

Marker 4 

• Radiation-mediated breaks 

• In vivo RH 

http://www.ratical.org/radiation/CNR/PP/chp3.html


Radiation Hybrids for Fine Mapping 

• EST RH Mapping 

1D--- 

1A   --- 
1B   --- 

Michalak et al., 2009 Maydica 54:471-483 



Radiation Hybrids for Fine Mapping 

Michalak et al. submitted; Michalak et al., 2009 Maydica 54:471-483 

Ret09-24 UMN250.0
Ret09-123.4
Ret09-96.7
NDSU20033.3
NDSU29236.7
NDSU201 NDSU20362.0
Ret09-868.4
NDSU202 NDSU205 NDSU20771.6
NDSU206 NDSU20878.1
NDSU20988.2
NDSU210 Ret09-6 Ret09-1494.9
NDSU21199.0
NDSU212111.9
NDSU213122.0
RIOC40-3132.0
Ret09-23135.2
NDSU215138.3
NDSU216141.4
NDSU217 NDSU218144.5
NDSU219160.2
NDSU294163.0
NDSU233171.1
NDSU220 NDSU221 NDSU222175.2
RIOC1-2 RIOC32-2 NDSU223
NDSU295

175.3

NDSU296 NDSU299178.4
NDSU228181.5
NDSU290 NDSU291181.6
NDSU232 NDSU224191.4
NDSU225 NDSU297201.3
NDSU226211.2
NDSU227225.0
NDSU298235.1
NDSU231241.6
NDSU229 Ret09-25244.8
NDSU230248.2

156Krad_1D

1DS5-0.70-1.00 

C-1DS3-0.48 

C-1DL4-0.18 

1DL2-0.41-1.00 



http://wge.ndsu.nodak.edu/wheatzapper/ 

Alnilmer et al. submitted 

(Zipper) 



http://wge.ndsu.nodak.edu/wheatzapper/ 

Predicts “non-COS” 

Pfam description 

Alnilmer et al. submitted 



http://wge.ndsu.nodak.edu/wheatzapper/ 

Downstream applications 

CDS prediction 

Markers development 

Alnilmer et al. submitted 



http://wge.ndsu.nodak.edu/wheatzapper/ 

Alnilmer et al. submitted 



Wheat Zapper + Circos 0.53 

Krzywinski et al., 2009. Genome Res 18:doi:10.1101; Alnilmer et al. submitted 



Paleofusion 

Michalack et al. submitted; Luo et al., 2009 PNAS 106:15780-15785 

Os10, Bd3, Sb1 
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c
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Ta1D 

Os5, Bd2, Sb9 

Os5, Bd2, Sb9 



Paleofusion 

Os5, Bd2, Sb9 

Os5, Bd2, Sb9 

paleo-telomere 

paleo-telomere 

paleo-telomere 
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Ta1D 

Os10, Bd3, Sb1 

Michalack et al. submitted; Luo et al., 2009 PNAS 106:15780-15785 



Paleofusion 

paleo-centromere (partial) 

paleo-centromere 

paleo-centromere (partial) 
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Ta1D 

neo-centromere 

Os10, Bd3, Sb1 

Os5, Bd2, Sb9 

Os5, Bd2, Sb9 

Michalack et al. submitted; Luo et al., 2009 PNAS 106:15780-15785 



Paleofusion 

paleo-centromere (partial) 

paleo-centromere 

paleo-centromere (partial) 
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Ta1D 

neo-centromere 

Os10, Bd3, Sb1 

Os5, Bd2, Sb9 

Os5, Bd2, Sb9 

Michalack et al. submitted; Luo et al., 2009 PNAS 106:15780-15785 

Organelle 

genes 



Illumina Bulk Segregant Analysis 

scs 



Illumina Bulk Segregant Analysis 

Bulk 

negative 

Bulk 

positive 

Genome complexity  

reduction libraries: 

   

•PstI + sonication 

•AatII + sonication 

 

 



Illumina Bulk Segregant Analysis 

Bulk 

negative 

Bulk 

positive 

Illumina 40X 

sequencing 



Illumina Bulk Segregant Analysis 

Bulk 

negative 

Bulk 

positive 

Illumina 40X 

sequencing 

• 100 M good quality reads 

 

• 20 Gb pair-end sequence 

 

• 1 M digestion sites 

 

• 3.2 K unique sequences 



Assembly 

3.2K sequences 

100bp pairends 

53X Ae. tauschii 

pre-assembled 

Extended seq. 

1-10 Kb 

USDA 

pipeline 



Assembly 

3.2K Contigs 

100bp pairends 

53X Ae. tauschii 

pre-assembled 

Extended seq. 

1-10 Kb 

DNA Star 

Assembly 

556 Contigs 

1.18 Mb 

N50: 3Kb 

USDA 

pipeline 



Assembly 

DNA Star 

556 Contigs 

1.18 Mb 

N50: 3Kb 

Wheat 

Zapper 

18 contigs 

30 genes 

Synteny sorted 

Map contigs 

on RH 



The scs region Wheat

Germplasm 

Enhancement
NDSU

Xndsu19 

Xndsu295 

2 

Xndsu297 

1 

Xndsu18 

1 

scsae 

Os10, 

Bd3, 

Sb1 

Os5, 

Bd2, 

Sb9 

• 450 RH-1D searched 



The scs region Wheat

Germplasm 

Enhancement
NDSU

5
9
 K

b
  

Xndsu19 

Xndsu295 

2 

Xndsu297 

1 

Xndsu18 

1 

scsae 
3
 K

b
  

1
0
 K

b
  

Os10, 

Bd3, 

Sb1 

Os5, 

Bd2, 

Sb9 

Synteny: 7 contigs  

Synteny: 8 contigs  



The scs region Wheat

Germplasm 

Enhancement
NDSU

5
9
 K

b
  

Xndsu19 

Xndsu295 

2 

Xndsu297 

1 

Xndsu18 

1 

scsae 

1
0
 K

b
  

Pollen ankyrin 

Alfa/beta hydrolase 

Katanin p60 ATPase 

SCD1 

OXA-1 inner membrane protein 

Rhomboid 

Proteasome subunit 

Os10, 

Bd3, 

Sb1 

Os5, 

Bd2, 

Sb9 

no genes based on synteny 
3
 K

b
  



A candidate for scs Wheat

Germplasm 

Enhancement
NDSU



Genomic sequencing of Rhomboid Wheat

Germplasm 

Enhancement
NDSU

• Primers designed on Illumina contig 

 

220 bp upstream 

390 bp downstream 

 

total: 2,048 bp 

 

TriAnnot:    984 bp CDS, 5 exons 

 



Genomic sequencing of Rhomboid Wheat

Germplasm 

Enhancement
NDSU

• Functional    1 SNP  Lys to Arg 

 

Ae. Tauschii  TTCATCAGAG 

“Scs ae”   TTCATCAGAG 

“Scs ti”    TTCATCAGAG 

“Scs ti”    TTCATCAGAG 

Chromosome 1A TTCATCAAAG 

Chromosome 1B TTCATCAAAG 

“∆ Scs ti”   TTCATCAAAG 

“∆ Scs ti”   TTCATCAAAG 



Protein model for Rhomboid Wheat

Germplasm 

Enhancement
NDSU

• ESyPred3D on 2NR9 crystal structure 

 

6 transmembrane helixes 

 



Protein model for Rhomboid Wheat

Germplasm 

Enhancement
NDSU

Catalytic site 

Cap 

• PDB SiteScan 

Functional 

Non-functional 



Protein model for Rhomboid Wheat

Germplasm 

Enhancement
NDSU
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Conclusions: re-discovery of hot water Wheat

Germplasm 

Enhancement
NDSU

• Developing the best biological material for the task 

  

 Combination of Illumina BSA and RH very effective  

  

• WheatZapper is valuable for fine mapping initiatives 

 

• Very important to work with bio-informaticians 

 

 

• Cloning of the scs gene:  

 

 70 Kb region 

 6 (2) genes 

 Unable to DIS-proof the Rhomboid as candidate 
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